Abstract-Masao River Butuan City, Mindanao, Philippines is home to many organisms especially those associated with the freshwater communities.
I. INTRODUCTION
The comparisons on the anatomical attributes of organisms have long been considered as the central component of Biology. The organisms' morphological accounts and descriptions turned out to be the basis underpinning the understanding of life as well as the organisms' classification [1] . Jaranilla et al. [2] wrote that there is a crisis in the taxonomic identification of organisms and there is a challenge in cataloguing the Earth's vast array of organisms. This predicament resulted to the birth of prospective technology to bring out a quick response on the identification dilemmas. The technologies made for this purpose include
Computer-based automated species recognition. Among the automated species recognition systems developed recently, the use of geometric morphometric-based techniques were frequently utilized by many. Geometric morphometric (GM) analysis was successfully applied by Rolhf [3] and Adams et al. [1] in their study on differentiating the shape variation in Bluefin tuna. Conversely, Addis [4] also used GM in rainbow trout. Geometric morphometric analyses were also employed on the following organisms on study: rice bug [5] , white goby [6] , Aedes aegypti [7] , and American sailfin catfish [2] .
According to Sheets [8] , morphometrics can be employed to a variety of quantitative investigations such as on biological shape, shape disparity, and covariation of shape with other biotic or abiotic variables or factors. The much-needed meticulousness into the description between organisms' morphologies is introduced through the exactitude in the quantifications in morphometrics. The application of such techniques benefits many research field on comparative morphology.
Organisms are capable of making adaptations that enable them to survive. Fishes, like other organism exhibit similar characteristics as well [9] . During the developmental history or ontogeny of an organism, its morphology modeling is greatly influenced by its environment [10] .
Fishes could be exposed to different environmental conditions. According to Parsons [11] , fluctuating asymmetry (FA) is a sensitive indicator of developmental stress. Increased FA is a result to both the genetic (e.g. inbreeding, hybridization, spread of new mutants) and environmental (e.g. pH, temperature, pollutants) influences. As a result, FA has been promoted as a useful measure of well-being at both the individual and population levels. FA was also proposed useful proxy for fitness [12] .
The Masao River in Butuan City Philippines is known to be the home to many organisms especially those associated with the freshwater communities. Fishes were abundantly present such as the commercially abundant species, Ambassis interrupta, locally known as "Ibis". The present study determines the body shape variation of Ibis using landmark-based geometric morphometric analysis collected from Masao River, Butuan City, Philippines. Also, this study determines the variations in the patterns of fluctuating asymmetry in a total of sixteen bilateral traits of Ambassis interrupta. The information gathered from this study would imply that FA can be used as a measure of genetic and/or environmental stress and at the same time provides useful information on the nature and variation of A. interrupta.
II. MATERIALS AND METHODS

A. Study Area
The study was conducted in the selected areas along the Masao River and was employed during the last week of December 2015. Masao River is located 9º0'0" N and 125º28'59.99" E, part of Barangay Masao, Butuan City, Philippines. Mapping was obtained through Global Positioning System (GPS) by the use of an online mapping (http://maps.google.com) shown in Fig. 1 . The river is the source of a variety of economically important fishes which serve as the source of livelihood to local fishermen. It is also one of the tributaries of Agusan River. 
B. Fish sample collection and digital image preparation
A total of 100 Ibis fish samples (50 males and 50 females) were collected from the site mentioned above. The fish specimens were sacrificed by cold torpor and the fins were stiffened using a 10% formalin solution [13] . The samples were photographed using a digital camera, and high resolution images of the lateral views (right and left sides) were kept on file. Sexes of the specimens were determined by direct examination of the gonads. Female fish has yellowish and granular texture gonads while male fish has whitish and non-granular gonads [14] .
C. Landmark selection and digitization of sample images
A total of 16 landmarks were digitized using tpsDig2 program version 2.0 [15] and were saved to TPS files. The location of the landmarks and the anatomical descriptions of each are presented in Fig. 2 and Table I . The descriptions of the landmark points are based on Sparks and Chakrabarty [16] .
D. Fluctuating asymmetry analysis
Overall and localized fluctuating asymmetries were determined by subjecting the paired landmark coordinates to Procrustes ANOVA following the method of Klingenberg (1998) and using the SAGE software version 1.0 [17] . Landmark-based geometric morphometric analysis was used to describe the body shape variation that exists among Ambassis interrupta fish samples from Masao River, Butuan City, Philippines. Also, Fluctuating asymmetry (FA) refers to small random deviations from perfect symmetry in bilaterally paired structures [11] . An organism's ability to cope with genetic and environmental stress during development is manifested through the FA measures. A fundamental premise of FA analysis is that identical genes influence the development of the two sides of a bilaterally symmetrical organism and thus, the present physical traits of an organism reflect accidents occurring during development [19] .
In this study, the Procrustes ANOVA suggested evidence in two of the factors considered within the two sexes of Ambassis interrupta (Table II) . Both the left and the right sides were analyzed to compare its fluctuating asymmetry. Three factors were analyzed for FA and these were individuals, sides, and interaction of individuals and sides. The individual symmetry among the fish samples showed no significant differences, while the sides and interaction of individuals and sides showed a highly significant difference (P<0.0001). The results implied asymmetry in sides, which is the left and right side of each sample, also in interaction of individuals and sides. However, the individuals were symmetrical with each other.
The presence of fish ponds, application of feeds and communities dwelling along the Masao River, may possibly affect the physical and chemical condition of the river. This may be the reason why there is a high significant difference between the sides and interaction of individuals and sides of the Ambassis interrupta samples. Poor water quality is a result on the perturbations on the environment [20] , which in turn may affect the fishes' morphological attributes. In this study, the results obviously imply that the sides and interaction of individuals and sides' highly significant asymmetry measures could possibly be the result of the anthropogenic activities observed in the Masao River. The differences between population means, or the deviation an individual from its population mean are visualized in at least two ways by the landmark data. An alternative way to inspect the variability of landmark points in tangent space is to run a principal component analysis (PCA) on the tangent coordinates derived from Procrustes analysis [17] . The result of the Principal Component Analysis (PCA) is shown in Table  III . A total of 71.4559% in female of FA interaction from upper 5% effective principal components (PC1-PC5) is measured. According to the results in PC1, asymmetry can be found greatest in the area covered by landmark: 1 (snout tip), 2 (posterior end of nuchal spine), 3 (anterior insertion of dorsal fin), 4 (posterior insertion of dorsal fin), 5 (dorsal insertion of caudal fin ), 6 (midpoint), 7 (ventral insertion of caudal fin ), 9 (anterior insertion of anal fin ), 10 (dorsal base of pelvic fin), 11 (ventral end of lower jaw articulation), 12 (posterior end of premaxilla), 15 (dorsal end of operlce), 16 (dorsal base of pectoral fin). FA can also be seen among males with a total of 62.0359% FA interaction that shows movement of landmarks on the different regions depicted on the following landmarks 1,2,3,5,6,7,8,9,10,11,14,15,16; which are: 1 (snout tip), 2 (posterior end of nuchal spine), 3 (anterior insertion of dorsal fin), 5 (dorsal insertion of caudal fin), 6 (midpoint), 7 (ventral insertion of caudal fin ), 8 (posterior insertion of anal fin ), 9 (anterior insertion of anal fin ), 10 (dorsal base of pelvic fin), 11 (ventral end of lower jaw articulation), 14 (Posterior margin through midline of orbit), 15 (dorsal end of operlce), and 16 (dorsal base of pectoral fin). The most affected landmarks, (female samples) are exhibited by all except those found in landmarks 8,11,12,13, and 14. The asymmetry is greatest at the rostral tip of premaxilla of the female samples followed by the Posterior end of nuchal spine, anterior insertion of anal fin and the dorsal base of pelvic fin which ranked the second highest in asymmetry results. The anterior insertion of dorsal fin, posterior insertion of dorsal fin, dorsal insertion of caudal fin, midpoint of lateral line, ventral insertion of caudal fin, ranked the third showing movement of the landmarks. This explains the PCA measures of 71.4559% in female of FA interaction; showing that almost entirely all landmarks throughout the A. interrupta fish body were affected by variations. These parts were mostly used for the fish's mobility and food procurement, typically those used for activities mostly subjected to environmental stresses.
Among the male Ambassis interrupta samples, the most commonly affected landmarks were 1, 8, 2, 3, 4, 9, and 15 respectively. These parts were considered an advantage in determining direct impact of stressors in the fish [21] .
To visualize the actual affected landmarks, Figs. 3 and 4 show the actual digitized image of female and male fishes with PCA deformation grid. The distribution of asymmetrical shape of A. interrupta and the locations of the greatest asymmetry are also shown in these figures. In this study, the morphological landmark was represented by dots while the direction and the magnitude of the fluctuation were denoted by an arrow. The encircled dots indicated the movement of the highest affected landmarks and regions emphasized that there were differences in the shape of A. interrupta (Fig. 5) . 
IV. CONCLUSION
This study demonstrates that landmark-based geometric morphometric analysis can be used to determine body shape variation in ibis (Ambassis interrupta) fish samples. In this study, the first five principal components summarized the variation that existed in A. interrupta collected from Masao River, Butuan City. Also, the use of fluctuating asymmetry (FA) can be a helpful tool in measuring stress, because an organism's ability to cope with genetic and environmental stress during development is manifested through the FA measures. It is clearly manifested in this study that the sides and interaction of individuals and sides showed a highly significant difference (P<0.001). This could be possibly attributed to the presence of fish ponds, application of feeds and communities dwelling along the Masao River that could have affected the physical and chemical condition of the river, which could in turn affect the overall phenotype of the fish.
